The full complement of oocytes as primordial follicles is established during fetal life. These primordial follicles can remain viable in humans for more than 50 yr, although damage to the oocyte occurs at an increased frequency with age, even in short-lived species, such as mice. A still unresolved question is how the pool of primordial follicles remains quiescent, and what triggers the activation of the oocyte and follicle to develop.
The full complement of oocytes as primordial follicles is established during fetal life. These primordial follicles can remain viable in humans for more than 50 yr, although damage to the oocyte occurs at an increased frequency with age, even in short-lived species, such as mice. A still unresolved question is how the pool of primordial follicles remains quiescent, and what triggers the activation of the oocyte and follicle to develop.
The study in mice by Mora et al. [1] in this issue of Biology of Reproduction has addressed the immediate downstream effects of follicle activation by analyzing the changes that occur in intercellular junctions and associated proteins during the transition from flattened to cuboidal granulosa cells after initiation of follicle growth. The authors report a number of novel observations, principal among which is that these activated granulosa cells express proteins and junctions that are akin to mesenchymal rather than epithelial cells, suggesting that the granulosa cells undergo a partial epithelial-to-mesenchymal transition (EMT) as they activate and develop, despite the acquisition of more epithelial characteristics, such as cuboidalization and polarization, that occur during this process. Although such transitions are well-recognized phenomena in other cell types, and indeed have been suggested to occur in granulosa cells during luteinization [2] , the occurrence of an EMT during the early stages of follicle activation and growth has neither been suggested nor indeed assessed in previous studies on the ovary.
Epithelial cells are typically polarized, nonmotile cells that are anchored to a basement membrane. During EMT, epithelial cells lose their tight junctions, undergo reorganization of the cytoskeleton to permit migration, and acquire an invasive phenotype, coupled with changes in the expression of extracellular matrix components and remodeling enzymes [3] . The EMT process is accompanied by well-characterized changes in the expression of transcription factors, junction proteins, and even micro-RNAs [3] . In this study, Mora et al. [1] report the distribution of proteins known to be associated with epithelial and mesenchymal cell types during ovarian follicle development; E-cadherin, the epithelial marker, was present in oocytes, whereas the mesenchymal marker Ncadherin was present in granulosa cells. Furthermore, it was clear that adherence junctions (AJs) and not tight junctions (TJs) were present between oocytes and granulosa cells, and granulosa cells themselves. Confirming this observation, follicles were found to be permeable to biotin in vitro.
Although the authors suggest that these changes are important in the initiation of follicle activation, so far the driver(s) for oocyte and follicle activation remain unknown. This group had previously shown in mouse ovaries that the distance from the primordial pool of follicles was a key element in allowing activation of oocytes/follicles, suggesting an inhibitory factor(s) that repressed follicle activation was released by the primordial follicles, and only when oocytes were sufficiently far from any inhibitor would follicle/oocyte activation occur [4] . This was also suggested by the large-scale activation of follicles in strip cultures of ovaries in vitro, where any inhibitory factors would presumably be diluted out [5] . Although the absence of GDF9 results in a failure of granulosa cell division and block in follicle development, even though oocytes are activated and increase in size in both mice [6] and sheep [7] , granulosa cells change shape, becoming cuboidal, and suggesting that GDF9 may not be involved. Thus, the question remains as to which factors activate granulosa cell shape transformation, and from the results in this study, what are the factors that are responsible for the EMT that now appears to be occurring at the time of cuboidalization of the granulosa cells.
A further key question arising from this study is how the partial EMT accompanying follicle activation is regulated at the transcriptional level. The initiation and maintenance of EMT are regulated by members of the Snail family of zincfinger proteins (which directly repress the expression of Ecadherin among other epithelial markers [8, 9] ) and members of the ZEB [10] and TWIST [11] families of E-box-binding transcriptional repressors. Little is known about the functions of these proteins, if there are any, in the ovary. Because Snail (official symbol SNAI1)-deficient embryos die because of defective gastrulation [12] , a role for this protein in regulating ovarian development has not yet been investigated. Transcripts encoding the related Snail-family protein SLUG (official symbol SNAI2) are highly expressed in the adult human ovary [13] . Yet, a role for SNAI2 in regulating the follicle activationassociated EMT seems unlikely, because expression is limited to theca cells [14] and targeted disruption of Snai2 in mice has no effect on ovarian development [15] . An interesting potential candidate for regulating the granulosa cell EMT may be the Wilms Tumor (WT1) protein. WT1 is a key regulator of the epithelial-mesenchymal balance [16] and is expressed in granulosa cells of primordial, primary, and secondary follicles [17] . Intriguingly, mice in which the Wilms tumor (Wt1) gene has been globally deleted in adulthood display a reduction (albeit a nonsignificant one) in ovarian weight, and their ovaries contain fewer large and antral follicles [18] ; these changes occur within only a few days of deletion of the Wt1 gene. It will therefore be fascinating to establish whether disruption of this gene compromises the EMT that occurs during follicle activation.
The expression of many of these EMT transcriptional regulators is regulated variously by members of the TGF-beta, BMP, and WNT families of growth factors and signaling molecules [9, 19] , all of which play key roles during ovarian development. Fenwick et al. [20] have also recently reported the downregulation of expression of a number of inhibitors of BMP signaling during follicle development. It is therefore tempting to speculate that the derepression of TGF-beta superfamily growth factor signaling onto small follicles in the ovary may be responsible for inducing the EMT that accompanies follicle activation.
The results of Mora et al. [1] are particularly intriguing when viewed through the lens of another recent study in Biology of Reproduction from Mork et al. [21] , who used elegant lineage-tracing techniques to demonstrate that the formation of primordial follicles in mice is associated with two waves of association of epithelial cells from the surface of the ovary surrounding the oocytes, forming two distinct pools of follicles: the medullary pool (which appear to activate during the neonatal period), and a cortical pool (which activate after puberty) [21, 22] . This study confirms previous observations in sheep showing that the formation of primordial follicles involves the recruitment of somatic cells from the surface epithelium [23] , and raises questions as to when exactly the OSE-pregranulosa-granulosa cell EMT initiates. Do OSE cells take the first steps along the EMT path as they leave the surface epithelium and ingress into the ovary before even encountering an oocyte and forming a follicle? Coupling the power of the elegant lineage-tracing and organ culture strategy of Mork et al. [21] to track the ingression of OSE cells into the developing ovary, with a detailed immunohistochemical analysis of epithelial and mesenchymal markers to determine the moment at which the EMT begins (such as those reported here by Mora et al. [1] ), could help address this question.
